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1
DISPLAY DEVICE AND MANUFACTURING
METHOD OF THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to a method for manufactur-
ing a display device using an element emitting light (light-
emitting element) by applying current between electrodes
interposing a light-emitting material therebetween.

DESCRIPTION OF RELATED ART

In recent years, a thin lightweight display using a light-
emitting element has been actively developed. The light-
emitting element is manufactured by interposing a material
which emits light by applying current between a pair of elec-
trodes. Since the light-emitting element itself emits light
unlike in the case of liquid crystal, a light source such as a
backlight is not required, and the element is very thin. There-
fore, it is extremely advantageous to manufacture a thin light-
weight display.

However, one background of not reaching practical use yet
while having such big advantages is a problem of reliability.
The light-emitting element using an organic-based material
often deteriorates due to moisture (water) and has a disadvan-
tage of being hard to obtain long-term reliability. The light-
emitting element which is deteriorated due to water causes a
decrease in luminance or does not emit light. It is conceivable
that this causes a dark spot (black spot) and shrinkage (de-
crease in luminance from an edge portion of a display device)
in a display device using the light-emitting element. Various
countermeasures are suggested to suppress such deterioration
(refer to Patent Document 1 and Patent Document 2, for
example).

However, these countermeasures are not enough to obtain
sufficient reliability of the light-emitting element; thus, it is
desired to further improve the reliability.

In addition, since a thin film light-emitting element is
formed by laminating extremely thin films, the film and wir-
ing covering an uneven portion is cut due to unevenness under
the light-emitting element, which causes a defect.

Patent Document 1: Japanese Patent Laid-Open No.

H9-148066
Patent Document 2: Japanese Patent Laid-Open No.

H7-169567

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

In order to suppress the above defects, it is sufficient that
unevenness under the light-emitting element is relieved;
therefore, a planarizing film is formed over the surface on
which unevenness exists.

However, an insulating film used for such a planarizing
film often has high moisture permeability; therefore, there is
arisk that water penetrates through the insulating film into the
inside of a display device by exposing the insulating film to
external atmosphere. In addition, if the insulating film is
removed by etching or the like so as not to be exposed to
external atmosphere, a new mask is needed, which causes an
increase in processing steps, and the problem can not be
disregarded.

Considering the above facts, it is an object of the present
invention to provide a method for manufacturing a display
device in which unevenness generated under a light-emitting
element does not impart an adverse effect on the light-emit-
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ting element. It is another object of the invention to provide a
method for manufacturing a display device in which penetra-
tion of water into the inside of the display device through a
film having high moisture permeability can be suppressed
without increasing processing steps considerably. It is
another object of the invention to provide a method for manu-
facturing a display device satisfying the above two simulta-
neously.

Means for Solving the Problem

A display device of the present invention to solve the above
problems includes a thin film transistor and a light-emitting
element over an insulating surface formed on a substrate,
wherein the light-emitting element includes a light-emitting
laminated body interposed between a first electrode and a
second electrode; wherein the first electrode is formed over an
insulating film formed over the thin film transistor; and
wherein a planarizing film is disposed so as to correspond to
at least a position of the first electrode between the first
electrode and the insulating film.

A display device of the present invention to solve the above
problems includes a thin film transistor and a light-emitting
element over an insulating surface on a substrate, wherein the
light-emitting element includes a light-emitting laminated
body interposed between a first electrode and a second elec-
trode; wherein the first electrode is formed over a first insu-
lating film formed over the thin film transistor; wherein a
planarizing film is disposed in response to at least a position
of'the first electrode at least between the first electrode and the
insulating film; and wherein the planarizing film is not
formed outside a sealant forming region of the substrate.

A method for manufacturing a display device of the present
invention to solve the above problems, includes the steps of:
forming a semiconductor film, a gate insulating film, and a
gate electrode over an insulating surface; forming a first insu-
lating film over the gate electrode; forming a contact hole
reaching to the semiconductor film by etching the gate insu-
lating film and the first insulating film; forming a conductive
film electrically connected to the semiconductor film over the
first insulating film; forming a second insulating film cover-
ing the first insulating film and the conductive film with the
use of a material having a self-planarizing property; exposing
at least part of the conductive film by etching the second
insulating film; forming a pixel electrode electrically con-
nected to the conductive film; removing a region of the second
insulating film not covered with the pixel electrode with the
use of the pixel electrode as a mask by etching; and forming
a light-emitting element having the pixel electrode as one
electrode.

A method for manufacturing a display device of the present
invention to solve the above problems, includes the steps of:
forming a semiconductor film over an insulating surface;
forming a gate insulating film covering the semiconductor
film; forming a gate electrode over the gate insulating film
and the semiconductor film; forming a first insulating film
covering the gate insulating film and the gate electrode; form-
ing a second insulating film covering the first insulating film
with the use of a material having a self-planarizing property;
forming a pixel electrode over the second insulating film;
removing a region of the second insulating film not covered
with the pixel electrode with the use of the pixel electrode as
a mask by etching; forming a contact hole reaching to the
semiconductor film in the first insulating film and the gate
insulating film; forming a wiring electrically connected to the
semiconductor film through the contact hole over the first
insulating film; and forming a light-emitting element in
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which part of the wiring is also electrically connected to the
pixel electrode and having the pixel electrode as one elec-
trode.

A method for manufacturing a display device of the present
invention to solve the above problems, includes the steps of:
forming a semiconductor film over an insulating surface;
forming a gate insulating film covering the semiconductor
film; forming a gate electrode over the gate insulating film
and the semiconductor film; forming a first insulating film
covering the gate insulating film and the gate electrode; form-
ing a second insulating film covering the first insulating film
with the use of a material having a self-planarizing property;
forming a pixel electrode over the second insulating film;
forming a contact hole reaching to the semiconductor film in
the second insulating film, the first insulating film, and the
gate insulating film; forming a conductive film electrically
connected to the semiconductor film through the contact hole
over the second insulating film; removing a region of the
second insulating film not covered with the conductive film
and the pixel electrode with the use of the conductive film and
the pixel electrode as masks by etching; and forming a light-
emitting element in which part of the conductive film is also
electrically connected to the pixel electrode and having the
pixel electrode as one electrode.

A method for manufacturing a display device of the present
invention to solve the above problems, includes the steps of:
forming a semiconductor film over an insulating surface;
forming a gate insulating film covering the semiconductor
film; forming a gate electrode over the gate insulating film
and the semiconductor film; forming a first insulating film
covering the gate insulating film and the gate electrode; form-
ing a second insulating film covering the first insulating film
with the use of a material having a self-planarizing property;
forming a contact hole reaching to the semiconductor film in
the second insulating film, the first insulating film, and the
gate insulating film; forming a conductive film electrically
connected to the semiconductor film through the contact hole
over the second insulating film; forming a pixel electrode
overlapped with at least part of the conductive film over the
second insulating film; and forming a light-emitting element
having the pixel electrode as one electrode.

A method for manufacturing a display device of the present
invention to solve the above problems, includes the steps of:
forming a semiconductor film, a gate insulating film and a
gate electrode over an insulating surface formed on a sub-
strate; forming a first insulating film covering the gate elec-
trode; forming a contact hole reaching to the semiconductor
film by etching the gate insulating film and the first insulating
film; forming a conductive film electrically connected to the
semiconductor film through the contact hole over the first
insulating film; forming a second insulating film over the first
insulating film and the conductive film with the use of a
material having a self-planarizing property; exposing at least
part of the conductive film by etching the second insulating
film; forming a third insulating film covering the second
insulating film and the exposed portion of the conductive
film; forming a mask over the third insulating film; forming a
contact hole reaching to the conductive film by etching, and
removing the second insulating film in an edge portion of the
substrate with the use of the mask by etching; forming a pixel
electrode electrically connected to the conductive film
through the contact hole; and forming a light-emitting ele-
ment having the pixel electrode as one electrode.

A method for manufacturing a display device of the present
invention to solve the above problems, includes the steps of:
forming a semiconductor film, a gate insulating film, and a
gate electrode over an insulating surface; forming a first insu-
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lating film over the gate electrode; forming a contact hole
reaching to the semiconductor film by etching the gate insu-
lating film and the first insulating film; forming a first con-
ductive film electrically connected to the semiconductor film
through the contact hole over the first insulating film; forming
a second insulating film over the first insulating film and the
first conductive film; forming a contact hole reaching to the
first conductive film by etching the second insulating film;
forming a second conductive film electrically connected to at
least part of the first conductive film; forming a third insulat-
ing film covering the second insulating film and the second
conductive film with the use of a material having a self-
planarizing property; exposing at least part of the second
conductive film by etching the third insulating film; forming
apixel electrode electrically connected to the second conduc-
tive film over the third insulating film with the use of a mask;
removing a region of the third insulating film not covered with
the mask and the pixel electrode with the use of the mask and
the pixel electrode as masks by etching; and forming a light-
emitting element having the pixel electrode as one electrode.

A method for manufacturing a display device of the present
invention to solve the above problems, includes the steps of:
forming a semiconductor film over an insulating surface;
forming a gate insulating film covering the semiconductor
film; forming a gate electrode over the gate insulating film
and the semiconductor film; forming a first insulating film
covering the gate insulating film and the gate electrode; form-
ing a contact hole reaching to the semiconductor film in the
first insulating film and the gate insulating film; forming a first
conductive film electrically connected to the semiconductor
film through the contact hole over the first insulating film;
forming a second insulating film covering the first insulating
film and the first conductive film; forming a third insulating
film covering the second insulating film with the use of a
material having a self-planarizing property; forming a pixel
electrode over the third insulating film with the use of a mask;
removing a region of the third insulating film not covered with
the mask and the pixel electrode with the use of the mask and
the pixel electrode as masks by etching; forming a contact
hole reaching to the first conductive film in the second insu-
lating film; forming a second conductive film electrically
connected to the first conductive film through the contact hole
over the second insulating film; and forming a light-emitting
element in which part of the second conductive film is also
electrically connected to the pixel electrode and having the
pixel electrode as one electrode.

A method for manufacturing a display device of the present
invention to solve the above problems, includes the steps of:
forming a semiconductor film over an insulating surface;
forming a gate insulating film covering the semiconductor
film; forming a gate electrode over the gate insulating film
and the semiconductor film; forming a first insulating film
covering the gate insulating film and the gate electrode; form-
ing a contact hole reaching to the semiconductor film in the
first insulating film and the gate insulating film; forming a first
conductive film electrically connected to the semiconductor
film through the contact hole over the first insulating film;
forming a second insulating film covering the first insulating
film and the first conductive film; forming a third insulating
film covering the second insulating film with the use of a
material having a self-planarizing property; forming a pixel
electrode over the third insulating film with the use of a mask;
forming a contact hole reaching to the first conductive film in
the third insulating film and the second insulating film; form-
ing a second conductive film electrically connected to the first
conductive film through the contact hole over the third insu-
lating film with the use of a mask; removing a region of the
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third insulating film not covered with the pixel electrode and
the second conductive film with the use of the pixel electrode
and the second conductive film as masks; and forming a
light-emitting element having the pixel electrode as one elec-
trode.

A method for manufacturing a display device of the present
invention to solve the above problems, includes the steps of:
forming a semiconductor film over an insulating surface;
forming a gate insulating film covering the semiconductor
film; forming a gate electrode over the gate insulating film
and the semiconductor film; forming a first insulating film
covering the gate insulating film and the gate electrode; form-
ing a contact hole reaching to the semiconductor film in the
first insulating film and the gate insulating film; forming a first
conductive film electrically connected to the semiconductor
film through the contact hole over the first insulating film;
forming a second insulating film covering the first insulating
film and the first conductive film; forming a extremely thin
third insulating film covering the second insulating film with
the use of a material having a self-planarizing property; form-
ing a contact hole reaching to the first conductive film in the
third insulating film and the second insulating film; forming a
second conductive film electrically connected to the first con-
ductive film through the contact hole over the third insulating
film with the use of a mask; forming a pixel electrode in
contact with the second conductive film; and forming a light-
emitting element having the pixel electrode as one electrode.

Effect of the Invention

In accordance with a method for manufacturing a display
device of the present invention, a light-emitting device in
which unevenness generated under a light-emitting element
does not impart an adverse effect on the light-emitting ele-
ment can be manufactured. Further, a light-emitting device in
which penetration of water into the inside of the light-emit-
ting device through a film having high moisture permeability
can be suppressed without increasing processing steps con-
siderably can be manufactured. Furthermore, a light-emitting
device satisfying the above two simultaneously can be manu-
factured.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1E Diagrams showing a method for manufac-
turing a display device of the present invention (Embodiment
Mode 1).

FIGS. 2A-2E Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
D).

FIGS. 3A-3D Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
D).
FIGS. 4A-4B Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
D).

FIGS. 5A-5E Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
2).

FIGS. 6A-6D Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
2).

FIGS. 7A-7E Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
3).
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FIGS. 8A-8C Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
3).

FIGS. 9A-9E Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
4).

FIGS. 10A-10C Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
4).
FIGS. 11A-11D Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
5).

FIGS. 12A-12C Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
5).

FIGS. 13A-13D Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
6).

FIGS. 14A-14C Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
6).

FIGS. 15A-15D Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode

D.

FIGS. 16 A-16D Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
D.

FIGS. 17A-17D Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
8).
FIGS. 18A-18C Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
8).

FIGS. 19A-19D Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
9).

FIGS. 20A-20D Diagrams showing a method for manufac-
turing a display device of the invention (Embodiment Mode
9).

FIGS. 21A-21D Diagrams showing an example of a light-
emitting device manufactured by a method for manufacturing
adisplay device of the invention (Embodiment Modes 1 to 4).

FIGS. 22A-22D Diagrams showing an example of a liquid
crystal display device manufactured by a method for manu-
facturing a display device of the invention (Embodiment
Modes 1 to 4).

FIGS. 23 A-23E Diagrams showing an example of an elec-
tronic device mounting a display device manufactured by a
method for manufacturing a display device of the invention.

FIGS. 24A-24B Diagrams exemplifying one structure of a
panel mounting a display device manufactured by a method
for manufacturing a display device of the invention.

FIGS. 25A-25F Diagrams showing an example of a pixel
circuit mounted on a display device.

FIG. 26 A diagram showing an example of a protective
circuit mounted on a display device.

DETAILED DESCRIPTION OF THE INVENTION
Best Mode for Carrying Out the Invention

Hereinafter, an Embodiment Mode of the present invention
will be described with reference to the attached drawings.
However, the invention can be carried out with many different
modes. As is easily known to a person skilled in the art, the
mode and the detail of the invention can be variously changed
without departing from the purpose and the scope of the
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invention. Thus, the invention is not interpreted while limit-
ing to the following description of the Embodiment Modes.

Embodiment Mode 1

A method for manufacturing a display device of the present
invention will be described with reference to FIGS. 1 to 4.

First, a first base insulating film 101 and a second base
insulating film 102 are formed over a substrate 100, and a
semiconductor layer is then formed over the second base
insulating film 102. The semiconductor layer is etched with
the use of masks 105 and 106 of photoresist or the like in order
to form island-shaped semiconductor layers 103 and 104
(FIG. 1A).

Glass, quartz, plastic (such as polyimide, acrylic, polyeth-
ylene terephthalate, polycarbonate, polyacrylate, or poly-
ethersulfone), or the like can be used as a material of the
substrate 100. The substrate thereof may be used after being
polished by CMP orthe like, if necessary. In this Embodiment
Mode, a glass substrate is used.

The first base insulating film 101 and the second base
insulating film 102 are formed in order to prevent an element
imparting an adverse effect on characteristics of a semicon-
ductor layer, such as alkali metal or alkali-earth metal con-
tained in the substrate 100, from diffusing into the semicon-
ductor layers 103 and 104. Silicon oxide, silicon nitride,
silicon oxide containing nitrogen, silicon nitride containing
oxygen, or the like can be used as a material thereof. In this
Embodiment Mode, the first base insulating film 101 and the
second base insulating film 102 are formed from silicon
nitride and silicon oxide, respectively. In this Embodiment
Mode, although a base insulating film is formed in two layers
of the first base insulating film 101 and the second base
insulating film 102, the base insulating film can be formed to
be a single layer or to have a laminated structure of two or
more layers. Note that a base insulating film is not necessarily
required to be formed when diffusion of impurities from a
substrate need not be worried about.

The subsequently formed semiconductor layer is obtained
by performing laser crystallization on an amorphous silicon
film in this Embodiment Mode. An amorphous silicon film is
formed to be 25 to 100 nm (preferably 30 to 60 nm) in
thickness over the second base insulating film 102. A known
method such as a sputtering method, a low pressure CVD
method, or a plasma CVD method can be used as a manufac-
turing method thereof. Subsequently, heat treatment is per-
formed at a temperature of 500° C. for one hour for dehydro-
genation of the thus formed silicon film.

Then, the amorphous silicon film is crystallized with the
use of a laser irradiation apparatus to form a crystalline silicon
film. As to the laser crystallization in this Embodiment Mode,
an excimer laser is used, and an emitted laser beam is pro-
cessed to have a linear beam spot with an optical system. The
amorphous silicon film is irradiated therewith to be a crystal-
line silicon film, and is used as the semiconductor layer.

As another method for crystallizing an amorphous silicon
film, there is a crystallizing method only by heat treatment or
a crystallizing method by heat treatment with the use of a
catalytic element which promotes crystallization. Nickel,
iron, palladium, tin, lead, cobalt, platinum, copper, gold, or
the like can be used as the element which promotes crystal-
lization. By using the above element, crystallization can be
performed at a lower temperature in a shorter time, compared
to the case of performing crystallization only by heat treat-
ment. Therefore, a glass substrate or the like is less damaged.

10

15

20

25

30

35

40

45

50

55

60

65

8

In the case of performing crystallization only by heat treat-
ment, a highly heat resistant quartz substrate or the like may
be used as the substrate 100.

Subsequently, addition of a very small amount of impuri-
ties, so-called channel doping, is performed on the semicon-
ductor layer to control a threshold value of gate voltage in a
transistor, if necessary. An N type or a P type impurity (phos-
phorus, boron, or the like) is added by an ion doping method
to obtain a required threshold value.

Thereafter, the semiconductor layer is patterned to have a
predetermined shape as shown in FIG. 1A, thereby obtaining
the island-shaped semiconductor layers 103 and 104. The
patterning is performed as follows: a photoresist is applied to
the semiconductor layer, exposed to light and developed to
form predetermined shapes of masks, and then baked to form
the masks over the semiconductor layer; thereafter, etching is
performed using the masks 105 and 106.

A gate insulating film 107 is formed to cover the semicon-
ductor layers 103 and 104. Subsequently, a first conductive
film 108 and a second conductive film 109 are formed over the
gate insulating film 107 (FIG. 1B). The gate insulating film
107 is formed to be 40 to 150 nm in thickness with an insu-
lating film containing silicon by a plasma CVD method or a
sputtering method. In this Embodiment Mode, silicon oxide
is used.

The first conductive film 108 and the second conductive
film 109 may be formed by using an element of tantalum,
tungsten, titanium, molybdenum, aluminum, copper, chro-
mium, or niobium or by using an alloy material or a com-
pound material which mainly contains the above element. A
semiconductor film typified by a polycrystalline silicon film
doped with an impurity element such as phosphorus may also
be used. Alternatively, an AgPdCu alloy may be used.

Subsequently, gate electrodes are formed in positions over-
lapped with part of the semiconductor layers 103 and 104
over the gate insulating film 107 by etching the first conduc-
tive film 108 and the second conductive film 109 (FIG. 1C). In
this Embodiment Mode, as the first conductive film 108,
tantalum nitride (TaN) is formed to be 30 nm in thickness over
the gate insulating film 107, and as the second conductive film
109, tungsten (W) is formed to be 370 nm in thickness there-
over. Note that, although the first conductive film 108 is
formed from TaN to be 30 nm in thickness, and the second
conductive film 109 is formed from W to be 370 nm in
thickness in this Embodiment Mode, the first conductive film
108 may be formed in the range 0f 20 to 100 nm in thickness,
and the second conductive film 109 may be formed in the
range of 100 to 400 nm in thickness. In addition, although a
laminated structure of two layers is used in this Embodiment
Mode, a single layer or a laminated structure of three or more
layers may be used.

Masks 114 and 115 of resist or the like are formed through
alight-exposure step by photolithography in order to form the
gate electrodes and a wiring by etching the first conductive
film 108 and the second conductive film 109. In a first etching,
etching is performed twice using a first etching condition and
a second etching condition. Etching conditions may be suit-
ably selected. The following method is used for etching in this
Embodiment Mode.

In the first etching, an ICP (inductively coupled plasma)
etching method is used. As the first etching condition, CF,,,
Cl,, and O, are used as etching gases of which gas flow rates
are respectively 17/17/10, and plasma is generated with a
pressure of 1.5 Pa by applying an RF (13.56 MHz) power of
500 W to a coil type electrode in order to perform etching. A
substrate side (sample stage) is also applied withan RF (13.56
MHz) power of 120 W; thus, negative self-bias voltage is
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substantially applied. By the first etching condition, the W
film is etched so that an edge portion of the first conductive
film has a tapered shape.

Subsequently, etching is performed after moving to the
second etching condition. With the masks of resist or the like
remaining, etching is performed for approximately 17 sec-
onds by using CF, and Cl, as etching gases of which gas flow
rates are respectively 20/20, and by applying an RF (13.56
MHz) power of 500 W to a coil type electrode with a pressure
of 1.5 Pa to generate plasma. A substrate side (sample stage)
is also applied with an RF (13.56 MHz) power of 10 W; thus,
negative self bias voltage is substantially applied. Under the
second etching condition mixing CF, and Cl,, both of the W
film and the TaN film are etched to the same extent. In this first
etching, edge portions of the first conductive films 110, 111
and the second conductive films 112, 113 are each formed
into a tapered shape by an effect of the bias voltages applied
to the substrate sides.

Subsequently, a second etching is performed without
removing the masks of resist or the like (FIG. 1D). In the
second etching, etching is performed for approximately 25
seconds by using SF, Cl,, and O, as etching gases of which
gas flow rates are respectively 16/8/30, and by applying an RF
(13.56 MHz) power of 700 W to a coil side electrode with a
pressure of 2.0 Pa to generate plasma. A substrate side
(sample stage) is also applied with an RF (13.56 MHz) power
of 10 W, thus negative self-bias voltage is substantially
applied. In this etching condition, the W film is selectively
etched to form a conductive film in a second shape. At this
time, the first conductive film is slightly etched. By the first
and second etchings, gate electrodes formed of the first con-
ductive films 116, 117 and the second conductive films 118,
119 are formed.

Without removing the masks of resist or the like, a first
doping is performed. By the first doping, impurities which
impart an N type to the crystalline semiconductor layers are
lightly doped. The first doping may be performed by an ion
doping method or an ion implantation method. A condition
for the ion doping may be set with a dosage of 1x10" to
5x10™* atoms/cm® and an acceleration voltage of 40 to 80kV.
In this Embodiment Mode, the acceleration voltage is 50 kV.
As an impurity element which imparts an N type, an element
belonging to a group 15 of the periodic table, typically phos-
phorus (P) or arsenic (As), can be used. In this Embodiment
Mode, phosphorus (P) is used. Accordingly, first impurity
regions 120 and 121 (N~ region) doped with impurities at law
concentrations are formed in self-alignment with the use of
the first conductive films 116 and 117 as masks.

Subsequently, the masks 114 and 115 of resist or the like
are removed. Then, a mask 122 is formed of resist or the like
and a second doping is performed at a higher acceleration
voltage than in the first doping (FIG. 1E). Also in this second
doping, impurities which impart an N type are doped. A
condition for the ion doping may be set with a dosage of
1x10" to 3x10"® atoms/cm?® and an acceleration voltage of 60
to 120k V. In this Embodiment Mode, the dosage is 3.0x10"°
atoms/cm?” and the acceleration voltage is 65 kV. The second
doping is performed so that the semiconductor layers under
the first conductive films 116 and 117 are also doped with
impurity elements with the use of the second conductive films
118 and 119 as masks for the impurity elements.

By performing the second doping, a second impurity
region 124 (N~ region, Lov region) is formed in a portion of
the semiconductor layers overlapped with the first conductive
films 116 and 117 but not overlapped with the second con-
ductive films 118 and 119 or in a portion not covered with the
mask. The second impurity region 124 is doped with impu-
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rities which impart an N type in a concentration range from
1x10'® to 5x10%° atoms/cm>. In addition, a portion of the
semiconductor layer not covered with the first conductive
film nor the mask (third impurity region 123: N* region) is
doped with impurities which impart an N type at a high
concentration in the range of 1x10' to 5x10** atoms/cm®.

Each of the impurity regions is formed by doping twice in
this Embodiment Mode; however, the invention is not limited
to this. Doping may be performed once or multiple times to
form an impurity region having a desired impurity concen-
tration by suitably setting a condition.

Next, the mask of resist or the like is removed, then, a mask
125 is formed of resist or the like to perform a third doping
(FIG.2A). By this third doping, the semiconductor layer to be
a P-channel TFT is doped with an impurity element which
imparts an opposite conductivity type to the first and second
conductivity types in order to form a fourth impurity region
126 (P* region) and a fifth impurity region 127 (P~ region).

In the third doping, the fourth impurity region 126 (P*
region) is formed in a portion not covered with the mask 125
of resist or the like nor overlapped with the first conductive
film 117, and the fifth impurity region 127 (P~ region) is
formed in a portion not covered with the mask of resist or the
like but overlapped with the first conductive film, and not
overlapped with the second conductive film. As an impurity
element which imparts a P type, an element belonging to a
group 13 of the periodic table, such as boron (B), aluminum
(Al), or gallium (Ga) is known.

In this embodiment, the fourth and fifth impurity regions
126 and 127 are formed with boron (B) as the P type impurity
element by an ion doping method using diborane (B,Hy). A
condition for the ion doping is set with a dosage of 1x10"°
atoms/cm? and an acceleration voltage of 80 kV.

Note that the semiconductor layer to form an N-channel
TFT is covered with the mask 125 of resist or the like in the
third doping.

Here, the fourth impurity region 126 (P* region) and the
fifth impurity region 127 (P~ region) are doped with phos-
phorus at different concentrations by the first and second
dopings. However, the third doping is performed so that each
of the fourth impurity region 126 (P* region) and the fifth
impurity region 127 (P~ region) contains the impurity ele-
ment which imparts a P type at a concentration of 1x10 to
5x10* atoms/cm?. Therefore, the fourth impurity region (P*
region) and the fifth impurity region (P~ region) function as
source and drain regions of the P-channel TFT without prob-
lems.

In this Embodiment Mode, the fourth impurity region 126
(P* region) and the fifth impurity region 127 (P~ region) are
formed by performing the third doping once; however, the
invention is not limited to this. Doping may also be suitably
performed multiple times to form the fourth impurity region
126 (P* region) and the fifth impurity region 127 (P~ region)
depending on a condition of the doping.

Consequently, a thin film transistor formed of a semicon-
ductor layer, a gate insulating film, and a gate electrode is
formed. Further, a TFT 146 (N-channel type) for a driver
circuit portion formed of the semiconductor layer 103, the
gate insulating film 107, and the gate electrodes 116 and 118
and a TFT 147 (P-channel type) for a pixel portion (for
driving a light-emitting element) formed of the semiconduc-
tor layer 104, the gate insulating film 107, and the gate elec-
trodes 117 and 119 are formed. Note that a manufacturing
method of a thin film transistor is not limited to this, and a
known manufacturing method may be appropriately used.
Further, the polarity of a TFT may also be freely designed by
a user.
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A top gate thin film transistor using a crystalline silicon
film crystallized by laser crystallization is manufactured in
this Embodiment Mode; however, a bottom gate thin film
transistor using an amorphous semiconductor film can be
used for the pixel portion. Silicon germanium as well as
silicon can be used for an amorphous semiconductor. In the
case of using silicon germanium, the concentration of germa-
nium is preferably approximately 0.01 to 4.5 atomic %.

A microcrystalline semiconductor film (semi-amorphous
semiconductor), in which a crystal grain of 0.5 to 20 nm can
be observed within an amorphous semiconductor, may also
be used. A microcrystal in which a crystal grain of 0.5 to 20
nm can be observed is also referred to as a microcrystal (uc).

Semi-amorphous silicon (also referred to as SAS) thatis a
semi-amorphous semiconductor can be obtained by perform-
ing glow discharge decomposition on a silicide gas. SiH, is
typically used as the silicide gas. In addition, Si,Hg, SiH,Cl,,
SiHCl,, SiCl,, SiF,, or the like can also be used. The silicide
gas can be diluted with hydrogen, or hydrogen and one or
more rare gas elements of helium, argon, krypton, and neon,
thereby making formation of the SAS easy. At this time, it is
preferable to dilute the silicide gas so that a dilution ratio
ranges from 10 to 1000 times. Reaction production of the film
by glow discharge decomposition may be performed with a
pressure in the range of 0.1 to 133 Pa. A high-frequency
power of 1 to 120 MHz, preferably 13 MHz to 60 MHz, may
be supplied to form a glow discharge. A substrate heating
temperature is preferably 300° C. or less, and a recommended
substrate heating temperature is in the range of 100 t0 250° C.

In the thus formed SAS, a Raman spectrum is shifted to a
lower wavenumber side than 520 cm™". A diffraction peak of
(111)or (220) caused by a crystal lattice of silicon is observed
in X-ray diffraction. The SAS contains hydrogen or halogen
of at least 1 atomic % or more to terminate a dangling bond.
It is desirable that an atmospheric constituent impurity such
as oxygen, nitrogen, or carbon is 1x10*%cm™ or less as an
impurity element in the film; in particular, an oxygen concen-
tration is 5x10*°/cm> or less, preferably 1x10'*/cm? or less.
When the SAS is processed into a TFT, u=1 to 10 cm*/Vsec is
given.

In addition, the SAS may be used by further crystallizing
with a laser.

Subsequently, an insulating film (hydrogenated film) 128
is formed from silicon nitride to cover the gate electrodes and
the gate insulating film 107, and heat treatment is performed
at 410° C. for about one hour in order to activate the impurity
elements and hydrogenate the semiconductor layers 103 and
104. Subsequently, an interlayer insulating film 129 is formed
to cover the insulating film (hydrogenated film) 128 (FIG.
2B). As a material for forming the interlayer insulating film
129, an inorganic insulating film such as silicon oxide, silicon
nitride, or a Low-k material may be used. In this Embodiment
Mode, a silicon oxide film is formed as an interlayer insulat-
ing film.

Next, contact holes reaching to the semiconductor layers
103 and 104 are opened (FIG. 2C). The contact holes can be
formed by etching with the use of'a mask 130 of resist or the
like until the semiconductor layers 103 and 104 are exposed.
Either wet etching or dry etching can be employed. Note that,
etching may be performed once or in several batches depend-
ing on a condition. When etching is carried out in several
batches, both wet etching and dry etching may be employed.

Next, a conductive film is formed to cover the contact holes
and the interlayer insulating film. The conductive film is
processed into a predetermined shape using a mask 131 of
resist or the like in order to form conductive films 132 to 136
to be a wiring, source or drain electrodes, and the like, each of
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which is formed of the conductive film (FIG. 2D). This con-
ductive film may be a single layer of a single metal such as
aluminum or copper, a metal alloy typified by an aluminum
alloy such as an alloy of aluminum, carbon and titanium, an
alloy of aluminum, carbon and nickel, or an alloy of alumi-
num, carbon and titanium, a compound, or the like. However,
in this Embodiment Mode, the conductive film is a laminated
structure of molybdenum, aluminum and molybdenum in this
order from the bottom. In addition, a laminated structure
formed of titanium, aluminum and titanium; titanium, tita-
nium nitride, aluminum and titanium; titanium and an alumi-
num alloy, or the like may be employed.

Thereafter, a planarizing film 137 is formed to cover the
conductive films 132 to 136 and the interlayer insulating film
129 (FIG. 2E). As a material of the planarizing film 137, an
application film with a self-planarizing property that can
relieve unevenness formed in the lower layer by forming the
film, for example, acrylic, polyimide, or siloxane is prefer-
ably used. That is, a material that can form a film having
unevenness smaller than that formed in the lower layer can be
publicly employed. In addition, a film of which unevenness is
relieved by reflowing or polishing the film once formed may
be used. Hereinafter, these films are generally referred to as
planarizing films. In this Embodiment Mode, the planarizing
film 137 is formed from siloxane. This insulating film having
a self-planarizing property such as siloxane is applied; thus, it
is possible to relieve unevenness due to transference of ridges
of'the semiconductor layers 103 and 104, a slight unevenness
of the interlayer insulating film, and unevenness of the lower
layer generated such as in forming the conductive films 132 to
136, and to perform planarization. Note that in this invention,
siloxane is a material of which a skeleton structure is formed
of the bond of silicon and oxygen, and in which an organic
group containing at least hydrogen (such as an alkyl group or
aryl group), a fluoro group, or an organic group containing at
least hydrogen and a fluoro group may be used as the sub-
stituent.

Subsequently, etchback is performed on the planarizing
film 137 in order to expose the surface of the conductive film
136 as the drain electrode of the TFT 147 for a pixel portion
(for driving a light-emitting element) (FIG. 3A). Conse-
quently, contact with an electrode can be realized with the
surface planarizing and without forming a new mask; thus, a
defect caused by unevenness of the lower layer can be
decreased without increasing processing steps considerably.

Subsequently, a conductive film having a light transmitting
property is formed to cover the planarizing film 137 and the
exposed portion of the conductive film 136, and then a first
electrode (anode) 140 of a thin film light-emitting element is
formed by processing the conductive film having a light trans-
mitting property with the use of amask 139 of resist or the like
by etching (FIG. 3B). Here, the first electrode (anode) 140 is
electrically in contact with the conductive film 136. As a
material of the first electrode (anode) 140, metal, an alloy, an
electrically conductive compound each of which has high
work function (work functionof 4.0 eV or more), a mixture of
these, or the like is preferably used. For example, ITO (in-
dium tin oxide), ITO containing silicon (ITSO), IZO (indium
zinc oxide) in which zinc oxide (ZnO) is mixed by 2 to 20
atomic % into indium oxide, zinc oxide, GZO (gallium zinc
oxide) in which gallium is mixed into zinc oxide, gold (Au),
platinum (Pt), nickel (Ni), tungsten (W), chromium (Cr),
molybdenum (Mo), iron (Fe), cobalt (Co), copper (Cu), pal-
ladium (Pd), or metal nitride (TiN) can be used. In this
Embodiment Mode, ITSO is used as the first electrode (an-
ode) 140.
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After forming the first electrode (anode) 140, the planariz-
ing film 137 is removed by etching with the use of the first
electrode (anode) 140 and the mask 139 as masks without
removing the mask 139 of resist or the like (FIG. 3C). By
removing the planarizing film 137 in this processing step, the
planarizing film corresponding to the first electrode (anode)
140 remains; thus, planarization is realized under the first
electrode (anode) 140, that is a portion in which the light-
emitting element is formed; on the other hand, the planarizing
film 137 corresponding to the other portion is removed.
Therefore, the planarizing film is not exposed outside a seal-
ant forming region, and the planarizing film 137 is not
exposed to external atmosphere. Consequently, penetration
of'water into the inside of a panel through the planarizing film
137 is prevented, and it is possible to decrease deterioration of
the light-emitting element due to water. In addition, the pla-
narizing film 137 remains under the first electrode (anode)
140; thus, planarization is realized, and a defect caused by
unevenness under the light-emitting eclement can be
decreased. Note that in this processing step, a new special
mask is not required; the first electrode (anode) 140 and the
mask 139 ofresist or the like used in manufacturing the anode
are used. Therefore, it is unnecessary to further increase a
processing step such as photolithography, and planarization
of the anode is realized without increasing processing steps
considerably.

A light-emitting device manufactured with the thus formed
element substrate in which the first electrode (anode) 140 is
used as a first electrode of a light-emitting element has few
defects caused by unevenness under the light-emitting ele-
ment. Further, since water does not penetrate from external
atmosphere through a planarizing film, the reliability is high.
Note that it is desirable that unevenness of a first electrode of
a light-emitting element (first electrode (anode) 140 in this
Embodiment Mode) is 30 nm or less in a P-V value (maxi-
mum difference of elevation) of one pixel, preferably 15 nm
or less, more preferably 10 nm or less. When the unevenness
of the first electrode belongs to the above range in the P-V
value of one pixel, a defect increasing with an accumulated
drive time (emergence and expansion of a non-light-emitting
region, hereinafter referred to as an increasing type defect)
can be greatly decreased.

Hereinafter, an example of a manufacturing method of a
light-emitting element and a display device using the first
electrode (anode) 140 fabricated by following this Embodi-
ment Mode is shown. Needless to say, the manufacturing
method of a light-emitting element and a display device is not
limited to this.

An insulating film is formed of an organic or inorganic
material to cover the interlayer insulating film 129 and the
first electrode (anode) 140. Subsequently, the insulating film
is processed to expose part of the first electrode (anode) 140,
thereby forming a partition wall 141 (FIG. 3D). As a material
of the partition wall 141, a photosensitive organic material
(acrylic, polyimide, or the like) is preferably used; however, a
non-photosensitive organic material or an inorganic material
may also be used. Further, the partition wall 141 may be used
as a black matrix by making the partition wall 141 black in
such a way that a black pigment or dye such as titanium black
or carbon nitride is diffused into the material of the partition
wall 141 with the use of a diffuse material or the like. It is
desirable that the partition wall 141 has a tapered shape in its
end surface toward the first electrode (anode) 140 with its
curvature changing continuously.

Note that it is desirable that an angle formed by the end
surface of the partition wall 141 toward the first electrode 140
side and the first electrode 140 is approximately 45+5°. Pho-
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tosensitive polyimide is used as the material of the partition
wall 141 in order to obtain such a shape; specifically, the film
thickness is approximately 1.0 um, the temperature of baking
performed after exposing to light and developing for pattern-
ing is approximately 300° C., thereby obtaining a preferable
angle of approximately 43°. In addition, if exposure is per-
formed on the entire surface again before baking is performed
and after exposing to light and developing for patterning, it is
possible to make the angle smaller.

Subsequently, a light-emitting laminated body 142 is
formed to cover the first electrode (anode) 140 exposed from
the partition wall 141. The light-emitting laminated body 142
may be formed by a vapor deposition method, a spin coating
method, an ink-jet method, or the like. Subsequently, a second
electrode (cathode) 143 is formed to cover the light-emitting
laminated body 142 (FIG. 4A). Accordingly, a light-emitting
element including the first electrode (anode) 140, the light-
emitting laminated body 142, and the second electrode (cath-
ode) 143 can be manufactured. As a cathode material for
forming the second electrode (cathode) 143, it is preferable to
use metal, an alloy, an electrically conductive compound,
each of which has low work function (work function of 3.8 eV
or less), a mixture of these, or the like. Note that as specific
examples of the cathode material, the followings can be
given: an element belonging to group 1 or 2 of the periodic
table such as Li or Cs, which are alkali metal, Mg, Ca, or Sr,
which are alkali-earth metal; an alloy (Mg:Ag or Al:Li) or a
compound (LiF, CsF, or CaF,) containing the above element.
In addition, the cathode can also be formed from transition
metal containing rare-carth metal. Further, a multilayer
formed of the above material and metal (including an alloy)
suchas Al, Ag, or ITO can be used. In this Embodiment Mode,
the cathode is formed from aluminum.

In addition, a buffer layer may be formed between a first
electrode of a light-emitting element and a light-emitting
laminated body.

When the first electrode of a light-emitting element is an
anode, the buffer layer is formed of a layer including both a
hole-transporting material and an electron-accepting material
that can receive electrons from the hole-transporting material,
a P type semiconductor layer, or a layer including a P type
semiconductor. As the hole-transporting material, an aro-
matic amine-based (having a bond of a benzene ring with
nitrogen) compound, phthalocyanine (abbreviation: H2Pc),
or a phthalocyanine compound such as copper phthalocya-
nine (abbreviation: CuPc) or vanadyl phthalocyanine (abbre-
viation: VOPc) can be used. The aromatic amine-based com-
pound is, for example, 4,4'-bis|[N-(1-naphthyl)-N-phenyl-
amino]-biphenyl (abbreviation: a-NPD), 4,4'-bis[N-(3-
methylphenyl)-N-phenyl-amino]-biphenyl  (abbreviation:
TPD), 4,4',4"-tris(N,N-diphenyl-amino)-triphenylamine (ab-
breviation: TDATA), 4,4'4"-tris|[N-(3-methylphenyl)-N-
phenyl-amino]-triphenylamine (abbreviation: MTDATA), or
4.4'-bis(N-(4-(N,N-di-m-tolylamino)phenyl)-N-pheny-
lamino)biphenyl (abbreviation: DNTPD). As the electron-
accepting material that can receive electrons from the above
hole-transporting material, for example, molybdenum oxide,
vanadium oxide, 7,7,8,8,-tetracyanoquinodimethane (abbre-
viation: TCNQ), 2,3-dicyanonaphtoquinone (abbreviation:
DCNNQ), 2,3,5,6-tetrafluoro-7,7,8,8,-tetracyanoquin-
odimethane (abbreviation: F4-TCNQ), or the like is given.
The electron-accepting material that can receive electrons is
selected in combination with the hole-transporting material.
Further, metal oxide such as molybdenum oxide, vanadium
oxide, ruthenium oxide, cobalt oxide, nickel oxide, or copper
oxide can be used as the P type semiconductor.
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When the first electrode of a light-emitting element is a
cathode, the buffer layer is formed of a layer including both an
electron-transporting material and an electron-donating
material that can donate electrons to the electron-transporting
material, an N type semiconductor layer, or a layer including
an N type semiconductor. As the electron-transporting mate-
rial, for example, the following can be used: a material includ-
ing a metal complex having a quinoline skeleton or a benzo-
quinoline skeleton, or the like such as tris-(8-quinolinolato)
aluminum (abbreviation: Algs), tris(4-methyl-8-
quinolinolato)aluminum (abbreviation: Almgq;), bis(10-
hydroxybenzo[h]-quinolinato)beryllium (abbreviation:
BeBq,), or bis(2-methyl-8-quinolinolato)-4-phenylpheno-
lato-aluminum (abbreviation: BAlq). Besides the above, a
material such as a metal complex having an oxazole or thia-
zole ligand, such as bis[2-(2-hydroxyphenyl)benzoxazolate]
zinc (abbreviation: Zn(BOX),) or bis[2-(2-hydroxyphenyl)
benzothiazolate|zinc (abbreviation: Zn(BTZ),), can be used.
In addition to the metal complex, 2-(4-biphenylyl)-5-(4-tert-
butylphenyl)-1,3,4-oxadiazole (abbreviation: PBD), 1,3-bis
[5-(p-tert-butylphenyl)-1,3 ,4-oxadiazole-2-yl|benzene (ab-
breviation: OXD-7), 3-(4-tert-butylphenyl)-4-phenyl-5-(4-
biphenylyl)-1,2,4-triazole (abbreviation: TAZ), 3-(4-tert-
butylphenyl)-4-(4-ethylphenyl)-5-(4-biphenylyl)-1,2,4-
triazole (abbreviation: p-EtTAZ), bathophenanthroline
(abbreviation: BPhen), bathocuproin (abbreviation: BCP), or
the like can be used. As the electron donating material that can
donate electrons to the above electron-transporting material,
for example, alkali metal such as lithium or cesium and its
oxide, alkali-earth metal such as magnesium, calcium and its
oxide, or rare-earth metal such as erbium or ytterbium can be
used. The electron donating material that can donate electrons
is selected in combination with the electron-transporting
material. Further, a metal compound such as metal oxide can
also be used as the N type semiconductor, and zinc oxide, zinc
sulfide, zinc selenide, titanium oxide, or the like can be used.

The buffer layer formed of the above materials can further
reduce the adverse effect of unevenness of the first electrode
and further suppress an increasing type defect since it is
possible for the buffer layer to be a thick film without increas-
ing the drive voltage much. When the buffer layer is formed,
assuming that it has a thickness of d nm, the P-V value of the
first electrode of the light-emitting element in the pixel por-
tion is 30 nm+dx0.2 nm or less, preferably 15 nm+dx0.2 nm
or less, more preferably 10 nm+dx0.2 nm or less; therefore, it
is possible to relieve unevenness better.

Note that the buffer layer may also be formed between a
second electrode (second electrode (cathode) 143 in this
Embodiment Mode) and the light-emitting laminated body.

Note that in this Embodiment Mode, the anode is electri-
cally in contact with the conductive film 136 to be the drain
electrode of the driving TFT for the light-emitting element.
Alternatively, the cathode may be electrically in contact with
the conductive film 136.

Thereafter, a silicon oxide film containing nitrogen may be
formed as a passivation film by a plasma CVD method. In the
case of using the silicon oxide film containing nitrogen, a
silicon oxynitride film formed from SiH,, N,O, and NH;, a
silicon oxynitride film formed from SiH, and N,O, or a sili-
con oxynitride film formed from a gas in which SiH, and N,O
are diluted with Ar may be deposited by a plasma CVD
method.

Alternatively, a silicon oxynitride hydride film formed
from SiH,, N,O, and H, may be used as the passivation film.
Naturally, a structure of the passivation film is not limited to
a single layer structure. The passivation film may have a
laminated structure of another insulating film containing sili-
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con. In addition, a multilayer film of a carbon nitride film and
a silicon nitride film, a multilayer film of styrene polymer, a
silicon nitride film, or a diamond like carbon film may be
formed as a substitute.

The passivation film can suppress the entrance of elements
which promote deterioration of a light-emitting element from
the top surface of the light-emitting element; thus the reliabil-
ity is improved.

Subsequently, in order to protect the light-emitting element
from a deterioration-promoting material such as water, the
display portion is sealed (FIG. 4B). In the case of using an
opposite substrate 145 for sealing, the opposite substrate is
attached by an insulating sealing material 144. The space
between the opposite substrate 145 and the element substrate
may be filled with inert gas such as dry nitrogen; alternatively,
the sealing material may be applied to the entire surface of the
pixel portion for attaching the opposite substrate 145. It is
preferable to use an ultraviolet curable resin or the like as the
sealing material 144. A drying agent or particles for keeping
the gap between the substrates uniform may be mixed into the
sealing material 144.

A light-emitting device thus manufactured has few defects
caused by unevenness under a light-emitting element. Fur-
ther, a planarizing film is not in contact with external atmo-
sphere, and water does not penetrate through the planarizing
film; therefore, the light-emitting device has high reliability.

Further, the method for manufacturing a display device of
the invention is applied to a light-emitting device including a
thin film transistor of another shape; the example is shown in
FIG. 21A. The difference between FIG. 21A and FIG. 4B is
the structures of the gate insulating films and the shapes of the
gate electrodes. In FIG. 21A, a gate insulating film is formed
of'two layers: a first gate insulating film 400 and a second gate
insulating film 401. In addition, a gate electrode 402 has a
single layer structure having a tapered shape in its edge por-
tion. The first gate insulating film 400 is preferably formed of
a silicon oxide-based film having a high insulating property
and few trap levels since it is in contact with a semiconductor
layer. In addition, forming the second gate insulating film 401
with a silicon nitride-based film can make the operation stable
even if the gate electrode 402 is formed from a material that is
comparatively easy to be oxidized such as Mo. In addition, a
sealing material 144 is overlapped with an interlayer insulat-
ing film 129.

Furthermore, an example of a liquid crystal display device
manufactured with the method for manufacturing a display
device of the invention is shown in FIG. 22A. After the liquid
crystal display device is manufactured up to the state shown in
FIG. 3C, a spacer 301 is obtained by forming an insulating
film and patterning it. Thereafter, an alignment film 302 is
formed over the entire surface of the exposed portion, and
then rubbing treatment is performed.

Subsequently, a sealing material 144 is formed by a droplet
discharge method or the like, and then liquid crystal 300 is
dropped and sealed in by an opposite substrate 306. A method
for sealing in liquid crystal is described below. A pattern of
the sealing material 144 is made a closed pattern, and liquid
crystal may be dropped by a liquid crystal dropping appara-
tus. Alternatively, an opening is formed in the pattern of the
sealing material 144, and the opposite substrate 306 is
attached; thereafter, a dip method (pumping up method) using
a capillary phenomenon may be employed. In addition, the
sealing material 144 is overlapped with an interlayer insulat-
ing film 129.

The opposite substrate 306 is provided with an opposite
electrode 304 and an alignment film 303 in this order from the
opposite substrate 306 side in advance.
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The spacer 301 is formed by patterning the insulating film
in FIG. 22A; however, a spherical spacer prepared separately
may be dispersed over the alignment film 302 in order to
control a cell gap.

As described above, a liquid crystal display device can be
completed by applying the method for manufacturing a dis-
play device of the invention.

Embodiment Mode 2

A method for manufacturing a display device of the present
invention, which is different from that of Embodiment Mode
1, will be described with reference to FIGS. 5 and 6. The
processing steps are halfway the same as those of Embodi-
ment Mode 1; thus, the description and diagrams are omitted.
Refer to Embodiment Mode 1. FIG. 5A corresponds to FIG.
2B.

After manufacturing up to the state shown in FIG. 5A
following Embodiment Mode 1, a planarizing film 150 is
formed to cover an interlayer insulating film 129 (FIG. 5B).
As a material of the planarizing film 150, an application film
with a self-planarizing property that can relieve unevenness
formed in the lower layer by forming the film, for example,
acrylic, polyimide, or siloxane is preferably used. That is, a
material that can form a film having unevenness smaller than
that formed in the lower layer can be publicly employed. In
addition, a film of which unevenness is relieved by reflowing
or polishing the film once formed may be used. In this
Embodiment Mode, the planarizing film 150 is formed from
siloxane. This insulating film having a self-planarizing prop-
erty such as siloxane is applied; thus, it is possible to relieve
unevenness due to a reflection of ridges of semiconductor
layers 103 and 104 or a slight unevenness of the interlayer
insulating film, and to perform planarization.

Subsequently, a conductive film having a light transmitting
property is formed to cover the planarizing film 150, and then
a first electrode (anode) 152 of a thin film light-emitting
element is formed by processing the conductive film having a
light transmitting property with the use of a mask 151 of resist
or the like (FIG. 5C). A material of the first electrode (anode)
152 is the same as that of Embodiment Mode 1; thus, the
description is omitted. Refer to Embodiment Mode 1. In this
Embodiment Mode, ITO is used as the first electrode (anode)
152.

After forming the first electrode (anode) 152, the planariz-
ing film 150 is removed by etching with the use of the first
electrode (anode) 152 and the mask 151 as masks without
removing the mask 151 of resist or the like (FIG. 5D). By
removing the planarizing film 150 in this processing step, the
planarizing film 150 corresponding to the first electrode (an-
ode) 152 remains; thus, planarization is realized under the
first electrode (anode) 152, which is a portion in which the
light-emitting element is formed; on the other hand, the pla-
narizing film 150 corresponding to the other portion is
removed. Therefore, the planarizing film is not exposed out-
side a sealant forming region, and the planarizing film 150 is
not exposed to external atmosphere. Consequently, penetra-
tion of water into the inside of a panel through the planarizing
film 150 is prevented, and it is possible to decrease deterio-
ration of the light-emitting element due to water.

In addition, the planarizing film 150 remains under the first
electrode (anode) 152 of the light-emitting element; thus,
planarization is realized in the first electrode, and a defect
caused by unevenness under the light-emitting element can be
decreased. Note that it is desirable that unevenness of the first
electrode of the light-emitting element is 30 nm or less in a
P-V value of one pixel, preferably 15 nm or less, more pref-
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erably 10 nm or less. When the unevenness of the first elec-
trode belongs to the above range in the P-V value of one pixel,
an increasing type defect can be greatly decreased.

In this processing step, a new special mask is not required;
the first electrode (anode) 152 and the mask 151 of resist or
the like used in manufacturing the anode are used. Therefore,
it is unnecessary to further increase a processing step such as
photolithography, and planarization of the anode is realized
without increasing processing steps considerably.

Next, contact holes reaching to the semiconductor layers
103 and 104 are opened (FIG. 5E). The contact holes can be
formed by etching with the use of a mask 153 of resist or the
like until the semiconductor layers 103 and 104 are exposed.
Either wet etching or dry etching can be employed. Note that,
etching may be performed once or in several batches depend-
ing on a condition. When etching is carried out in several
batches, both wet etching and dry etching may be employed.

Next, a conductive film is formed to cover the contact holes
and the interlayer insulating film. The conductive film is
processed into a predetermined shape using a mask 154 of
resist or the like in order to form conductive films 155 to 159
to be a wiring and source or drain electrodes (FIG. 6A). This
conductive film may be a single layer of a single metal such as
aluminum or copper, a metal alloy typified by an aluminum
alloy such as an alloy of aluminum, carbon and titanium, an
alloy of aluminum, carbon and nickel, or an alloy of alumi-
num, carbon and titanium, a compound, or the like. However,
in this Embodiment Mode, this conductive film is a laminated
structure of molybdenum, aluminum and molybdenum in this
order of manufacture. In addition, a laminated structure
formed of titanium, aluminum and titanium; titanium, tita-
nium nitride, aluminum and titanium; titanium and an alumi-
num alloy, or the like may be employed. In addition, a con-
ductive film 159 to be the drain electrode of the driving TFT
for the pixel portion is electrically in contact with the first
electrode (anode) 152 that is a pixel electrode.

A light-emitting device manufactured with the thus formed
element substrate in which the first electrode (anode) 152 is
used as a first electrode of a light-emitting element has few
defects caused by unevenness under the light-emitting ele-
ment. Further, since water does not penetrate from external
atmosphere through a planarizing film, the reliability is high.
Hereinafter, an example of a manufacturing method of a
light-emitting element and a display device using the first
electrode (anode) 152 fabricated by following this Embodi-
ment Mode is shown. Needless to say, the manufacturing
method of a light-emitting element and a display device is not
limited to this.

An insulating film is formed of an organic or inorganic
material to cover the interlayer insulating film 129 and the
first electrode (anode) 152. Subsequently, the insulating film
is processed to expose part of the first electrode (anode) 152,
thereby forming a partition wall 141 (FIG. 6B). As a material
of the partition wall 141, a photosensitive organic material
(acrylic, polyimide, or the like) is preferably used; however, a
non-photosensitive organic material or an inorganic material
may also be used. Further, the partition wall 141 may be used
as a black matrix by making the partition wall 141 black in
such a way that a black pigment or dye such as titanium black
or carbon nitride is diffused into the material of the partition
wall 141 with the use of a diffuse material or the like. It is
desirable that the partition wall 141 has a tapered shape in its
end surface toward the first electrode (anode) 152 with its
curvature changing continuously.

Note that it is desirable that an angle formed by the end
surface of the partition wall 141 toward the first electrode 152
side and the first electrode 152 is approximately 45+5°. Pho-



US 9,054,230 B2

19

tosensitive polyimide is used as the material of the partition
wall 141 in order to obtain such a shape; specifically, the film
thickness is approximately 1.0 um, the temperature of baking
performed after exposing to light and developing for pattern-
ing is approximately 300° C., thereby obtaining a preferable
angle of approximately 43°. In addition, if a processing step
in which exposure is performed on the entire surface again
before baking is performed and after exposing to light and
developing for patterning, it is possible to make the angle
smaller.

Subsequently, a light-emitting laminated body 142 is
formed to cover the first electrode (anode) 152 exposed from
the partition wall 141. The light-emitting laminated body 142
may be formed by a vapor deposition method, a spin coating
method, an ink-jet method, or the like. Subsequently, a second
electrode (cathode) 143 is formed to cover the light-emitting
laminated body 142 (FIG. 6C). Accordingly, a light-emitting
element including the first electrode (anode) 152, the light-
emitting laminated body 142, and the second electrode (cath-
ode) 143 can be manufactured. As a cathode material for
forming the second electrode (cathode) 143, it is preferable to
use metal, an alloy, an electrically conductive compound,
each of which has low work function (work function of3.8 eV
or less), a mixture of these, or the like. Note that as specific
examples of the cathode material, the followings can be
given: an element belonging to group 1 or 2 of the periodic
table such as Li or Cs, which are alkali metal, Mg, Ca, or Sr,
which are alkali-earth metal; an alloy (Mg:Ag or Al:Li) or a
compound (LiF, CsF, or CaF,) containing the above element.
In addition, the cathode can also be formed from transition
metal containing rare-carth metal. Further, a multilayer
formed of the above material and metal (including an alloy)
suchas Al, Ag, or [TO can be used. In this Embodiment Mode,
the cathode is formed from aluminum.

Note that a buffer layer may be formed in the light-emitting
element. Refer to Embodiment Mode 1 for the explanation of
the buffer layer.

Note that in this Embodiment Mode, the anode is electri-
cally in contact with the conductive film 159 as the drain
electrode of the driving TFT for the light-emitting element.
Alternatively, the cathode may be electrically in contact with
the conductive film 159.

Thereafter, a silicon nitride film containing oxygen may be
formed as a passivation film by a plasma CVD method. In the
case of using the silicon nitride film containing oxygen, a
silicon nitride film containing oxygen formed from SiH,,
N,O, and NH;, a silicon nitride film containing oxygen
formed from SiH, and N,O, or a silicon nitride film contain-
ing oxygen formed from a gas in which SiH, and N,O are
diluted with Ar may be deposited by a plasma CVD method.

Alternatively, a silicon oxynitride hydride film formed
from SiH,, N,O, and H, may be used as the passivation film.
Naturally, a structure of the passivation film is not limited to
a single layer structure. The passivation film may have a
single layer structure or a laminated structure of another
insulating film containing silicon. In addition, a multilayer
film of a carbon nitride film and a silicon nitride film, a
multilayer film of styrene polymer, a silicon nitride film, or a
diamond like carbon film may be formed as a substitute for a
silicon nitride film containing oxygen.

The passivation film can suppress the entrance of elements
which promote deterioration of a light-emitting element from
the top surface of the light-emitting element; thus the reliabil-
ity is improved.

Subsequently, in order to protect the light-emitting element
from a deterioration-promoting material such as water, the
display portion is sealed (FIG. 6D). In the case of using an
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opposite substrate 145 for sealing, the opposite substrate is
attached by an insulating sealing material 144. The space
between the opposite substrate 145 and the element substrate
may be filled with inert gas such as dry nitrogen; alternatively,
the sealing material may be applied to the entire surface of the
pixel portion for attaching the opposite substrate 145. It is
preferable to use an ultraviolet curable resin or the like as the
sealing material 144. A drying agent or particles for keeping
the gap between the substrates uniform may be mixed into the
sealing material 144.

Further, the method for manufacturing a display device of
the invention is applied to a light-emitting device including a
thin film transistor of another shape; the example is shown in
FIG. 21B. The difference between FIG. 21B and FIG. 6D is
the structures of the gate insulating films and shapes of the
gate electrodes. In FIG. 21B, a gate insulating film is formed
of'two layers: a first gate insulating film 400 and a second gate
insulating film 401. In addition, a gate electrode 402 has a
single layer structure having a tapered shape in its edge por-
tion. The first gate insulating film 400 is preferably formed of
a silicon oxide-based film having a high insulating property
and few trap levels since it is in contact with a semiconductor
layer. In addition, forming the second gate insulating film 401
with a silicon nitride-based film can make the operation stable
even if the gate electrode 402 is formed from a material that is
comparatively easy to be oxidized such as Mo. In addition, a
sealing material 144 is overlapped with an interlayer insulat-
ing film 129.

A light-emitting device thus manufactured has few defects
caused by unevenness under a light-emitting element. Fur-
ther, water does not penetrate from external atmosphere
through a planarizing film; therefore, the light-emitting
device has high reliability.

Furthermore, an example of a liquid crystal display device
manufactured with the method for manufacturing a display
device of the invention is shown in FIG. 22B. After the liquid
crystal display device is manufactured up to the state shown in
FIG. 6A, a spacer 301 is obtained by forming an insulating
film and patterning it. Thereafter, an alignment film 302 is
formed over the entire surface, and then rubbing treatment is
performed.

Subsequently, a sealing material 144 is formed by a droplet
discharge method or the like, and then liquid crystal 300 is
dropped and sealed in by an opposite substrate 306. A method
for sealing in liquid crystal is described below. A pattern of
the sealing material 144 is made a closed pattern, and liquid
crystal may be dropped by a liquid crystal dropping appara-
tus. Alternatively, an opening is formed in the pattern of the
sealing material 144, and the opposite substrate 306 is
attached; thereafter, a dip method (pumping up method) using
a capillary phenomenon may be employed. In addition, the
sealing material 144 is overlapped with an interlayer insulat-
ing film 129.

The opposite substrate 306 is provided with an opposite
electrode 304 and an alignment film 303 in advance.

The spacer 301 is formed by patterning the insulating film
in FIG. 22B; however, a spherical spacer prepared separately
may be dispersed over the alignment film 302 in order to
control a cell gap.

As described above, a liquid crystal display device can be
completed by applying the method for manufacturing a dis-
play device of the invention.

Embodiment Mode 3

A method for manufacturing a display device of the present
invention, which is different from those of Embodiment
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Modes 1 and 2, will be described with reference to FIGS. 7
and 8. The processing steps are halfway the same as those of
Embodiment Mode 1; thus, the description and diagrams are
omitted. Refer to Embodiment Mode 1. FIG. 7A corresponds
to FIG. 2B.

After manufacturing up to the state shown in FIG. 7A
following Embodiment Mode 1, a planarizing film 150 is
formed to cover an interlayer insulating film 129 (FIG. 7B).
As a material of the planarizing film 150, an application film
with a self-planarizing property that can relieve unevenness
formed in the lower layer by forming the film, for example,
acrylic, polyimide, or siloxane is preferably used. That is, a
material that can form a film having unevenness smaller than
that formed in the lower layer can be publicly employed. In
addition, a film of which unevenness is relieved by reflowing
or polishing the film once formed may be used. In this
Embodiment Mode, the planarizing film 150 is formed from
siloxane. This insulating film having a self-planarizing prop-
erty such as siloxane is applied; thus, it is possible to relieve
unevenness due to a reflection of ridges of semiconductor
layers 103 and 104 or a slight unevenness of the interlayer
insulating film, and to perform planarization.

Subsequently, a conductive film having a light transmitting
property is formed to cover the planarizing film 150, and then
a first electrode (anode) 152 of a thin film light-emitting
element is formed by processing the conductive film having a
light transmitting property with the use of a mask 151 of resist
or the like (FIG. 7C). A material of the first electrode (anode)
152 is the same as that of Embodiment Mode 1; thus, the
description is omitted. Refer to Embodiment Mode 1. In this
Embodiment Mode, ITO is used as the first electrode (anode)
152.

Next, contact holes reaching to the semiconductor layers
103 and 104 are opened (FIG. 7D). The contact holes can be
formed by etching with the use of'a mask 170 of resist or the
like until the semiconductor layers 103 and 104 are exposed.
Either wet etching or dry etching can be employed. Note that,
etching may be performed once or in several batches depend-
ing on a condition. When etching is carried out in several
batches, both wet etching and dry etching may be employed.

Next, a conductive film is formed to cover the contact holes
and the interlayer insulating film. The conductive film is
processed into a predetermined shape using a mask 171 of
resist or the like in order to form conductive films 172 to 176
to be a wiring and source or drain electrodes (FIG. 7E). This
conductive film may be a single layer of a single metal such as
aluminum or copper, a metal alloy typified by an aluminum
alloy such as an alloy of aluminum, carbon and titanium, an
alloy of aluminum, carbon and nickel, or an alloy of alumi-
num, carbon and titanium, a compound, or the like. However,
in this Embodiment Mode, this conductive film is a laminated
structure of molybdenum, aluminum and molybdenum in this
order of manufacture. In addition, a laminated structure
formed of titanium, aluminum and titanium; titanium, tita-
nium nitride, aluminum and titanium; titanium and an alumi-
num alloy, or the like may be employed. In addition, a con-
ductive film 176 to be the drain electrode of the driving TFT
for the pixel portion is electrically in contact with the first
electrode (anode) 152 that is a pixel electrode.

Subsequently, the planarizing film 150 is removed by etch-
ing with the use of the conductive films 172 to 176 and the first
electrode (anode) 152 as masks (FIG. 7E). This removing of
the planarizing film 150 may be performed at the same time as
the etching performed in manufacturing the conductive films
172 to 176; alternatively, it may be performed separately. By
removing the planarizing film 150 in this processing step, the
planarizing film 150 corresponding to the first electrode (an-
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ode) 152 remains; thus, planarization is realized under the
first electrode (anode) 152, which is a portion in which the
light-emitting element is formed; on the other hand, the pla-
narizing film 150 corresponding to the other portion is
removed. Therefore, the planarizing film is not exposed out-
side a sealant forming region, and the planarizing film 150 is
not exposed to external atmosphere. Consequently, penetra-
tion of water into the inside of a panel through the planarizing
film 150 is prevented, and it is possible to decrease deterio-
ration of the light-emitting element due to water.

In addition, the planarizing film 150 remains under the first
electrode (anode) 152 of the light-emitting element; thus,
planarization is realized, and a defect caused by unevenness
under the light-emitting element can be decreased. Note that
it is desirable that unevenness of the first electrode of the
light-emitting element is 30 nm or less in a P-V value of one
pixel, preferably 15 nm or less, more preferably 10 nm or less.
When the unevenness of the first electrode belongs to the
above range in the P-V value of one pixel, an increasing type
defect can be greatly decreased.

In this processing step, a new special mask is not required;
the conductive films 172 to 176, the first electrode (anode)
152 and the mask 171 of resist or the like used in manufac-
turing the above are used. Therefore, it is unnecessary to
further increase a processing step such as photolithography,
and planarization of the anode is realized without increasing
processing steps considerably.

A light-emitting device manufactured with the thus formed
element substrate in which the first electrode (anode) 152 is
used as a first electrode of a light-emitting element has few
defects caused by unevenness under the light-emitting ele-
ment. Further, since water does not penetrate from external
atmosphere through a planarizing film, the reliability is high.
Hereinafter, an example of a manufacturing method of a
light-emitting element and a display device using the first
electrode (anode) 152 fabricated by following this Embodi-
ment Mode is shown. Needless to say, the manufacturing
method of a light-emitting element and a display device is not
limited to this.

An insulating film is formed of an organic or inorganic
material to cover the interlayer insulating film 129 and the
first electrode (anode) 152. Subsequently, the insulating film
is processed to expose part of the first electrode (anode) 152,
thereby forming a partition wall 141 (FIG. 8A). As a material
of the partition wall 141, a photosensitive organic material
(acrylic, polyimide, or the like) is preferably used; however, a
non-photosensitive organic material or an inorganic material
may also be used. Further, the partition wall 141 may be used
as a black matrix by making the partition wall 141 black in
such a way that a black pigment or dye such as titanium black
or carbon nitride is diffused into the material of the partition
wall 141 with the use of a diffuse material or the like. It is
desirable that the partition wall 141 has a tapered shape in its
end surface toward the first electrode (anode) 152 with its
curvature changing continuously.

Note that it is desirable that an angle formed by the end
surface of the partition wall 141 toward the first electrode 152
side and the first electrode 152 is approximately 45+5°. Pho-
tosensitive polyimide is used as the material of the partition
wall 141 in order to obtain such a shape; specifically, the film
thickness is approximately 1.0 um, the temperature of baking
performed after exposing to light and developing for pattern-
ing is approximately 300° C., thereby obtaining a preferable
angle of approximately 43°. In addition, if a processing step
in which exposure is performed on the entire surface again
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before baking is performed and after exposing to light and
developing for patterning, it is possible to make the angle
smaller.

Subsequently, a light-emitting laminated body 142 is
formed to cover the first electrode (anode) 152 exposed from
the partition wall 141. The light-emitting laminated body 142
may be formed by a vapor deposition method, a spin coating
method, an ink-jet method, or the like. Subsequently, a second
electrode (cathode) 143 is formed to cover the light-emitting
laminated body 142 (FIG. 8B). Accordingly, a light-emitting
element including the first electrode (anode) 152, the light-
emitting laminated body 142, and the second electrode (cath-
ode) 143 can be manufactured. As a cathode material for
forming the second electrode (cathode) 143, it is preferable to
use metal, an alloy, an electrically conductive compound,
each of which has low work function (work function of3.8 eV
or less), a mixture of these, or the like. Note that as specific
examples of the cathode material, the followings can be
given: an element belonging to group 1 or 2 of the periodic
table such as Li or Cs, which are alkali metal, Mg, Ca, or Sr,
which are alkali-earth metal; an alloy (Mg:Ag or Al:Li) or a
compound (LiF, CsF, or CaF,) containing the above element.
In addition, the cathode can also be formed from transition
metal containing rare-carth metal. Further, a multilayer
formed of the above material and metal (including an alloy)
suchas Al, Ag, or [TO can be used. In this Embodiment Mode,
the cathode is formed from aluminum.

Note that a buffer layer may be formed in the light-emitting
element. Refer to Embodiment Mode 1 for the explanation of
the buffer layer.

Note that in this Embodiment Mode, the anode is electri-
cally in contact with the conductive film 176 as the drain
electrode of the driving TFT for the light-emitting element.
Alternatively, the cathode may be electrically in contact with
the conductive film 176.

Thereafter, a silicon oxide film containing nitrogen may be
formed as a passivation film by a plasma CVD method. In the
case of using the silicon oxide film containing nitrogen, a
silicon oxynitride film formed from SiH,, N,O, and NH;, a
silicon oxynitride film formed from SiH, and N,O, or a sili-
con oxynitride film formed from a gas in which SiH, and N,O
are diluted with Ar may be deposited by a plasma CVD
method.

Alternatively, a silicon oxynitride hydride film formed
from SiH,, N,O, and H, may be used as the passivation film.
Naturally, a structure of the passivation film is not limited to
a single layer structure. The passivation film may have a
single layer structure or a laminated structure of another
insulating film containing silicon. In addition, a multilayer
film of a carbon nitride film and a silicon nitride film, a
multilayer film of styrene polymer, a silicon nitride film, or a
diamond like carbon film may be formed as a substitute for a
silicon oxide film containing nitrogen.

The passivation film can suppress the entrance of elements
which promote deterioration of a light-emitting element from
the top surface of the light-emitting element; thus the reliabil-
ity is improved.

Subsequently, in order to protect the light-emitting element
from a deterioration-promoting material such as water, the
display portion is sealed (FIG. 8C). In the case of using an
opposite substrate 145 for sealing, the opposite substrate is
attached by an insulating sealing material 144. In this
Embodiment Mode, since the planarizing film 150 remains
under the conductive film 172 to be the wiring, it is preferable
that the sealing material 144 is provided so as not to be
overlapped with the conductive film 172 in a lead portion. By
thus providing the sealing material, penetration of water
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through the sealing material 144 and the planarizing film 150
under the conductive film 172 can be effectively prevented.

The space between the opposite substrate 145 and the
element substrate may be filled with inert gas such as dry
nitrogen; alternatively, the sealing material may be applied to
the entire surface of the pixel portion for attaching the oppo-
site substrate 145. It is preferable to use an ultraviolet curable
resin or the like as the sealing material 144. A drying agent or
particles for keeping the gap between the substrates uniform
may be mixed into the sealing material 144.

A light-emitting device thus manufactured has few defects
caused by unevenness under a light-emitting element. Fur-
ther, water does not penetrate from external atmosphere
through a planarizing film; therefore, the light-emitting
device has high reliability.

Further, the method for manufacturing a display device of
the invention is applied to a light-emitting device including a
thin film transistor of another shape; the example is shown in
FIG. 21C. The difference between FIG. 21C and FIG. 8C is
the structures of the gate insulating films and shapes of the
gate electrodes. In FIG. 21C, a gate insulating film is formed
of'two layers: a first gate insulating film 400 and a second gate
insulating film 401. In addition, a gate electrode 402 has a
single layer structure having a tapered shape in its edge por-
tion. The first gate insulating film 400 is preferably formed of
a silicon oxide-based film having a high insulating property
and few trap levels since it is in contact with a semiconductor
layer. In addition, forming the second gate insulating film 401
with a silicon nitride-based film can make the operation stable
even if the gate electrode 402 is formed from a material that is
comparatively easy to be oxidized such as Mo. In addition, a
sealing material 144 is overlapped with an interlayer insulat-
ing film 129.

Furthermore, an example of a liquid crystal display device
manufactured with the method for manufacturing a display
device of the invention is shown in FIG. 22C. After the liquid
crystal display device is manufactured up to the state shown in
FIG. 7E, a spacer 301 is obtained by forming an insulating
film and patterning it. Thereafter, an alignment film 302 is
formed over the entire surface, and then rubbing treatment is
performed.

Subsequently, a sealing material 144 is formed by a droplet
discharge method or the like, and then liquid crystal 300 is
dropped and sealed in by an opposite substrate 306. A method
for sealing in liquid crystal is described below. A pattern of
the sealing material 144 is made a closed pattern, and liquid
crystal may be dropped by a liquid crystal dropping appara-
tus. Alternatively, an opening is formed in the pattern of the
sealing material 144, and the opposite substrate 306 is
attached; thereafter, a dip method (pumping up method) using
a capillary phenomenon may be employed. In addition, the
sealing material 144 is overlapped with an interlayer insulat-
ing film 129.

The opposite substrate 306 is provided with an opposite
electrode 304 and an alignment film 303 in this order from the
opposite substrate 306 side in advance.

The spacer 301 is formed by patterning the insulating film
in FIG. 22C; however, a spherical spacer prepared separately
may be dispersed over the alignment film 302 in order to
control a cell gap.

As described above, a liquid crystal display device can be
completed by applying the method for manufacturing a dis-
play device of the invention.

Embodiment Mode 4

A method for manufacturing a display device, which is
different from those of Embodiment Modes 1 to 3, will be
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described with reference to FIGS. 9 and 10. The processing
steps are halfway the same as those of Embodiment Mode 1;
thus, the description and diagrams are omitted. Refer to
Embodiment Mode 1. FIG. 9A corresponds to FIG. 2B.

After manufacturing up to the state shown in FIG. 9A
following Embodiment Mode 1, an extremely thin planariz-
ing film 190 is formed to cover an interlayer insulating film
129 to the extent that unevenness of the interlayer insulating
film 129 is hidden (FIG. 9B). As a material of the planarizing
film 190, an application film with a self-planarizing property
that can relieve unevenness formed in the lower layer by
forming the film, for example, acrylic, polyimide, or siloxane
is preferably used. That is, a material that can form a film
having unevenness smaller than that formed in the lower layer
can be publicly employed. In addition, a film of which
unevenness is relieved by reflowing or polishing the film once
formed may be used. In this Embodiment Mode, the planariz-
ing film 190 is formed from siloxane. This insulating film
having a self-planarizing property such as siloxane is applied;
thus, it is possible to relieve unevenness due to a reflection of
ridges of semiconductor layers 103 and 104 or a slight
unevenness of the interlayer insulating film, and to perform
planarization.

Next, contact holes reaching to the semiconductor layers
103 and 104 are opened (FIG. 9C). The contact holes can be
formed by etching with the use of' a mask 191 of resist or the
like until the semiconductor layers 103 and 104 are exposed.
Either wet etching or dry etching can be employed. Note that,
etching may be performed once or in several batches depend-
ing on a condition. When etching is carried out in several
batches, both wet etching and dry etching may be employed.

Next, a conductive film is formed to cover the contact holes
and the interlayer insulating film. The conductive film is
processed into a predetermined shape using a mask 192 of
resist or the like in order to form conductive films 193 to 197
to be a wiring and source or drain electrodes (FIG. 9(D)). A
single metal such as aluminum or copper, a metal alloy typi-
fied by an aluminum alloy such as an alloy of aluminum,
carbon and titanium, an alloy of aluminum, carbon and
nickel, or an alloy of aluminum, carbon and titanium, a com-
pound, or the like can be used for forming this conductive
film. The conductive film may be formed of a single layer;
however, in this Embodiment Mode, this conductive film is a
laminated structure of molybdenum, aluminum and molyb-
denum in this order of manufacture. In addition, a laminated
structure formed of titanium, aluminum and titanium; tita-
nium, titanium nitride, aluminum and titanium; titanium and
an aluminum alloy, or the like may be employed.

Subsequently, a conductive film having a light transmitting
property is formed to cover the interlayer insulating film 129
and the conductive films 193 to 197, and then a first electrode
(anode) 199 of a thin film light-emitting element is formed by
processing the conductive film having a light transmitting
property with the use of a mask 198 of resist or the like by
etching (FIG. 9E). Here, the first electrode (anode) 199 is
electrically in contact with the conductive film 197 of the
driving TFT for the light-emitting element. A material of the
first electrode (anode) 199 is the same as that of Embodiment
Mode 1; thus, the description is omitted. Refer to Embodi-
ment Mode 1. In this Embodiment Mode, ITO is used as the
first electrode (anode) 199.

A light-emitting device manufactured with the thus formed
element substrate in which the first electrode (anode) 199 is
used as a first electrode of a light-emitting element has few
defects caused by unevenness under the light-emitting ele-
ment. Further, since water hardly penetrates from external
atmosphere through a planarizing film due to the extremely
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thin planarizing film 190, the reliability is high. Hereinafter,
an example of a manufacturing method of a light-emitting
element and a display device using the first electrode (anode)
199 fabricated by following this Embodiment Mode is shown.
Needless to say, the manufacturing method of a light-emitting
element and a display device is not limited to this.

Note that it is desirable that unevenness of the first elec-
trode of the light-emitting element is 30 nm or less in a P-V
value of one pixel, preferably 15 nm or less, more preferably
10 nm or less. When the unevenness of the first electrode
belongs to the above range in the P-V value of one pixel, an
increasing type defect can be greatly decreased.

An insulating film is formed of an organic or inorganic
material to cover the interlayer insulating film 129 and the
first electrode (anode) 199. Subsequently, the insulating film
is processed to expose part of the first electrode (anode) 199,
thereby forming a partition wall 141 (FIG. 10A). As a mate-
rial of the partition wall 141, a photosensitive organic mate-
rial (acrylic, polyimide, or the like) is preferably used; how-
ever, a non-photosensitive organic material or an inorganic
material may also be used. Further, the partition wall 141 may
be used as a black matrix by making the partition wall 141
black in such a way that a black pigment or dye such as
titanium black or carbon nitride is diffused into the material of
the partition wall 141 with the use of a diffuse material or the
like. It is desirable that the partition wall 141 has a tapered
shape in its end surface toward the first electrode (anode) 199
with its curvature changing continuously.

Note that it is desirable that an angle formed by the end
surface of the partition wall 141 toward the first electrode 199
side and the first electrode 199 is approximately 45+5°. Pho-
tosensitive polyimide is used as the material of the partition
wall 141 in order to obtain such a shape; specifically, the film
thickness is approximately 1.0 um, the temperature of baking
performed after exposing to light and developing for pattern-
ing is approximately 300° C., thereby obtaining a preferable
angle of approximately 43°. In addition, if a processing step
in which exposure is performed on the entire surface again
before baking is performed and after exposing to light and
developing for patterning, it is possible to make the angle
smaller.

Subsequently, a light-emitting laminated body 142 is
formed to cover the first electrode (anode) 199 exposed from
the partition wall 141. The light-emitting laminated body 142
may be formed by a vapor deposition method, a spin coating
method, an ink-jet method, or the like. Subsequently, a second
electrode (cathode) 143 is formed to cover the light-emitting
laminated body 142 (FIG. 10B). Accordingly, a light-emit-
ting element including the first electrode (anode) 199, the
light-emitting laminated body 142, and the second electrode
(cathode) 143 can be manufactured. As a cathode material for
forming the second electrode (cathode) 143, it is preferable to
use metal, an alloy, an electrically conductive compound,
each of which has low work function (work function of 3.8 eV
or less), a mixture of these, or the like. Note that as specific
examples of the cathode material, the following can be given:
an element belonging to group 1 or 2 of the periodic table such
as Li or Cs, which are alkali metal, Mg, Ca, or Sr, which are
alkali-earth metal; an alloy (Mg:Ag or Al:Li) or a compound
(LiF, CsF, or CaF,) containing the above element. In addition,
the cathode can also be formed from transition metal contain-
ing rare-earth metal. Further, a multilayer formed of the above
material and metal (including an alloy) such as Al, Ag, or [TO
can be used. In this Embodiment Mode, the cathode is formed
from aluminum.
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Note that a buffer layer may be formed in the light-emitting
element. Refer to Embodiment Mode 1 for the explanation of
the buffer layer.

Note that in this Embodiment Mode, the anode is electri-
cally in contact with the conductive film 197 of the driving
TFT for the light-emitting element. Alternatively, the cathode
may be electrically in contact with the conductive film 197.

Thereafter, a silicon nitride film containing oxygen may be
formed as a passivation film by a plasma CVD method. In the
case of using the silicon nitride film containing oxygen, a
silicon nitride film containing oxygen formed from SiH,,
N,O, and NHj;, a silicon nitride film containing oxygen
formed from SiH, and N,O, or a silicon nitride film contain-
ing oxygen formed from a gas in which SiH, and N,O are
diluted with Ar may be deposited by a plasma CVD method.

Alternatively, a silicon nitride film containing hydrogen
and oxygen formed from SiH,, N,O, and H, may be used as
the passivation film. Naturally, a structure of the passivation
film is not limited to a single layer structure. The passivation
film may have a single layer structure or a laminated structure
of another insulating film containing silicon. In addition, a
multilayer film of a carbon nitride film and a silicon nitride
film, a multilayer film of styrene polymer, a silicon nitride
film, or a diamond like carbon film may be formed as a
substitute for a silicon nitride film containing oxygen.

The passivation film can suppress the entrance of elements
which promote deterioration of a light-emitting element from
the top surface of the light-emitting element; thus the reliabil-
ity is improved.

Subsequently, in order to protect the light-emitting element
from a deterioration-promoting material such as water, the
display portion is sealed (FIG. 10C). In the case of using an
opposite substrate 145 for sealing, the opposite substrate is
attached by an insulating sealing material 144. In this
Embodiment Mode, since the planarizing film 190 remains
under the conductive film 193 to be the wiring, it is preferable
that the sealing material 144 is provided so as not to be
overlapped with the conductive film 193 in a lead portion. By
thus providing the sealing material, penetration of water
through the sealing material 144 and the planarizing film 190
under the conductive film 193 can be effectively prevented.

The space between the opposite substrate 145 and the
element substrate may be filled with inert gas such as dry
nitrogen; alternatively, the sealing material may be applied to
the entire surface of a pixel portion for attaching the opposite
substrate 145. It is preferable to use an ultraviolet curable
resin or the like as the sealing material 144. A drying agent or
particles for keeping the gap between the substrates uniform
may be mixed into the sealing material 144.

A light-emitting device thus manufactured has few defects
caused by unevenness under a light-emitting element. Fur-
ther, water does not penetrate from external atmosphere
through a planarizing film; therefore, the light-emitting
device has high reliability.

Further, the method for manufacturing a display device of
the invention is applied to a light-emitting device including a
thin film transistor of another shape; the example is shown in
FIG. 21D. The difference between FIG. 21D and FIG. 10C is
the structures of the gate insulating films and shapes of the
gate electrodes. In FIG. 21D, a gate insulating film is formed
of'two layers: a first gate insulating film 400 and a second gate
insulating film 401. In addition, a gate electrode 402 has a
single layer structure having a tapered shape in its edge por-
tion. The first gate insulating film 400 is preferably formed of
a silicon oxide-based film having a high insulating property
and few trap levels since it is in contact with a semiconductor
layer. In addition, forming the second gate insulating film 401
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with a silicon nitride-based film can make the operation stable
even if the gate electrode 402 is formed from a material that is
comparatively easy to be oxidized such as Mo. In addition, a
sealing material 144 is overlapped with an interlayer insulat-
ing film 129.

Furthermore, an example of a liquid crystal display device
manufactured with the method for manufacturing a display
device of the invention is shown in FIG. 22D. After the liquid
crystal display device is manufactured up to the state shown in
FIG. 9E, a spacer 301 is obtained by forming an insulating
film and patterning it. Thereafter, an alignment film 302 is
formed over the entire surface of the exposed portion, and
then rubbing treatment is performed.

Subsequently, a sealing material 144 is formed by a droplet
discharge method or the like, and then liquid crystal 300 is
dropped and sealed in by an opposite substrate 306. A method
for sealing in liquid crystal is described below. A pattern of
the sealing material 144 is made a closed pattern, and liquid
crystal may be dropped by a liquid crystal dropping appara-
tus. Alternatively, an opening is formed in the pattern of the
sealing material 144, and the opposite substrate 306 is
attached; thereafter, a dip method (pumping up method) using
a capillary phenomenon may be employed. In addition, the
sealing material 144 is overlapped with an interlayer insulat-
ing film 129.

The opposite substrate 306 is provided with an opposite
electrode 304 and an alignment film 303 in this order from the
opposite substrate 306 side in advance.

The spacer 301 is formed by patterning the insulating film
in FIG. 22A; however, a spherical spacer prepared separately
may be dispersed over the alignment film 302 in order to
control a cell gap.

As described above, a liquid crystal display device can be
completed by applying the method for manufacturing a dis-
play device of the invention.

Embodiment Mode 5

A method for manufacturing a display device of the present
invention, which is different from those of Embodiment
Modes 1 to 4, will be described with reference to FIGS. 11
and 12. The processing steps are halfway the same as those of
Embodiment Mode 1; thus, the description and diagrams are
omitted. Refer to Embodiment Mode 1. FIG. 11A corre-
sponds to FIG. 3A.

After manufacturing up to the state shown in FIG. 11A, a
second interlayer insulating film 200 is formed to cover a
planarizing film 137 and an exposed portion of a conductive
film 136. As a material for forming the second interlayer
insulating film 200, an inorganic insulating film such as sili-
con oxide, silicon nitride, or a Low-k material may be used. In
this Embodiment Mode, a silicon oxide film is formed as the
second interlayer insulating film.

Next, a contact hole reaching to the conductive film 136 is
opened in the second interlayer insulating film 200. The con-
tacthole can be formed by etching with the use of a mask 201
of resist or the like until a source electrode or the conductive
film 136 is exposed. Either wet etching or dry etching can be
employed.

After forming the contact hole, the planarizing film 137 is
removed by etching with the use of the mask 201 as a mask
without removing the mask 201 of resist or the like (FIG.
110).

Subsequently, a conductive film having a light transmitting
property is formed to cover the exposed portion of the con-
ductive film 136, and then a first electrode (anode) 203 of a
thin film light-emitting element is formed by processing the
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conductive film having a light transmitting property with the
use of a mask 202 of resist or the like by etching (FIG. 11D).
Here, the first electrode (anode) 203 is electrically in contact
with the conductive film 136 of the driving TFT for the
light-emitting element. As a material of the first electrode
(anode) 203, metal, an alloy, an electrically conductive com-
pound each of which has high work function (work function
of'4.0 eV or more), a mixture of these, or the like is preferably
used. For example, ITO (indium tin oxide), ITO containing
silicon (ITSO), IZO (indium zinc oxide) in which zinc oxide
(Zn0O) is mixed by 2 to 20 atomic % into indium oxide, zinc
oxide, GZO (gallium zinc oxide) in which gallium is mixed
into zinc oxide, gold (Au), platinum (Pt), nickel (N1), tungsten
(W), chromium (Cr), molybdenum (Mo), iron (Fe), cobalt
(Co), copper (Cu), palladium (Pd), or metal nitride (TiN) can
be used. In this Embodiment Mode, ITSO is used as the first
electrode (anode) 203.

By removing the planarizing film 137 in this processing
step, the planarizing film 137 corresponding to the first elec-
trode (anode) 203 remains; thus, planarization is realized
under the first electrode (anode) 203, which is a portion in
which the light-emitting element is formed; on the other hand,
the planarizing film 137 around the substrate 100 is removed.
Therefore, the planarizing film is not exposed outside a seal-
ant forming region, and the planarizing film 137 is not
exposed to external atmosphere. Consequently, penetration
of'water into the inside of a panel through the planarizing film
137 is prevented, and it is possible to decrease deterioration of
the light-emitting element due to water. In addition, the pla-
narizing film 137 remains under the first electrode (anode)
203; thus, planarization is realized, and a defect caused by
unevenness under the light-emitting eclement can be
decreased. Note that it is desirable that unevenness of the first
electrode of the light-emitting element is 30 nm or less in a
P-V value of one pixel, preferably 15 nm or less, more pref-
erably 10 nm or less. When the unevenness of the first elec-
trode belongs to the above range in the P-V value of one pixel,
an increasing type defect can be greatly decreased.

Note that in this processing step of removing the planariz-
ing film 137, a new special mask is not required; the mask 201
of resist or the like used in forming the contact hole in the
second interlayer insulating film 200 is used. Therefore, it is
unnecessary to further increase a processing step such as
photolithography, and planarization of the anode is realized
without increasing processing steps considerably.

A light-emitting device manufactured with the thus formed
element substrate in which the first electrode (anode) 203 is
used as a first electrode of a light-emitting element has few
defects caused by unevenness under the light-emitting ele-
ment. Further, since water does not penetrate from external
atmosphere through a planarizing film, the reliability is high.
Hereinafter, an example of a manufacturing method of a
light-emitting element and a display device using the first
electrode (anode) 203 fabricated by following this Embodi-
ment Mode is shown. Needless to say, the manufacturing
method of a light-emitting element and a display device is not
limited to this.

An insulating film is formed of an organic or inorganic
material to cover the second interlayer insulating film 200 and
the first electrode (anode) 203. Subsequently, the insulating
film is processed to expose part of the first electrode (anode)
203, thereby forming a partition wall 141 (FIG. 12A). As a
material of the partition wall 141, a photosensitive organic
material (acrylic, polyimide, or the like) is preferably used;
however, a non-photosensitive organic material or an inor-
ganic material may also be used. Further, the partition wall
141 may be used as a black matrix by making the partition
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wall 141 black in such a way that a black pigment or dye such
as titanium black or carbon nitride is diffused into the material
of' the partition wall 141 with the use of a diffuse material or
the like. It is desirable that the partition wall 141 has a tapered
shape in its end surface toward the first electrode (anode) 203
with its curvature changing continuously.

Note that it is desirable that an angle formed by the end
surface of the partition wall 141 toward the first electrode 203
side and the first electrode 203 is approximately 45+5°. Pho-
tosensitive polyimide is used as the material of the partition
wall 141 in order to obtain such a shape; specifically, the film
thickness is approximately 1.0 um, the temperature of baking
performed after exposing to light and developing for pattern-
ing is approximately 300° C., thereby obtaining a preferable
angle of approximately 43°. In addition, if a processing step
in which exposure is performed on the entire surface again
before baking is performed and after exposing to light and
developing for patterning is added, it is possible to make the
angle smaller.

Subsequently, a light-emitting laminated body 142 is
formed to cover the first electrode (anode) 203 exposed from
the partition wall 141. The light-emitting laminated body 142
may be formed by a vapor deposition method, a spin coating
method, an ink-jet method, or the like. Subsequently, a second
electrode (cathode) 143 is formed to cover the light-emitting
laminated body 142 (FIG. 12B). Accordingly, a light-emit-
ting element including the first electrode (anode) 203, the
light-emitting laminated body 142, and the second electrode
(cathode) 143 can be manufactured. As a cathode material for
forming the second electrode (cathode) 143, it is preferable to
use metal, an alloy, an electrically conductive compound,
each of which has low work function (work function of 3.8 eV
or less), a mixture of these, or the like. Note that as specific
examples of the cathode material, the following can be given:
an element belonging to group 1 or 2 of the periodic table such
as Li or Cs, which are alkali metal, Mg, Ca, or Sr, which are
alkali-earth metal; an alloy (Mg:Ag or Al:Li) or a compound
(LiF, CsF, or CaF,) containing the above element. In addition,
the cathode can also be formed from transition metal contain-
ing rare-earth metal. Further, a multilayer formed of the above
material and metal (including an alloy) such as Al, Ag, or [TO
can be used. In this Embodiment Mode, the cathode is formed
from aluminum.

Note that a buffer layer may be formed in the light-emitting
element. Refer to Embodiment Mode 1 for the explanation of
the buffer layer.

Note that in this Embodiment Mode, the anode is electri-
cally in contact with the conductive film 136 of the driving
TFT for the light-emitting element. Alternatively, the cathode
may be electrically in contact with the conductive film 136.

Thereafter, a silicon nitride film containing oxygen may be
formed as a passivation film by a plasma CVD method. In the
case of using the silicon nitride film containing oxygen, a
silicon nitride film containing oxygen formed from SiH,,
N,O, and NH;, a silicon nitride film containing oxygen
formed from SiH, and N,O, or a silicon nitride film contain-
ing oxygen formed from a gas in which SiH, and N,O are
diluted with Ar may be deposited by a plasma CVD method.

Alternatively, a silicon nitride film containing hydrogen
and oxygen formed from SiH,, N,O, and H, may be used as
the passivation film. Naturally, a structure of the passivation
film is not limited to a single layer structure. The passivation
film may have a single layer structure or a laminated structure
of another insulating film containing silicon. In addition, a
multilayer film of a carbon nitride film and a silicon nitride
film, a multilayer film of styrene polymer, a silicon nitride
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film, or a diamond like carbon film may be formed as a
substitute for a silicon nitride film containing oxygen.

The passivation film can suppress the entrance of elements
which promote deterioration of a light-emitting element from
the top surface of the light-emitting element; thus the reliabil-
ity is improved.

Subsequently, in order to protect the light-emitting element
from a deterioration-promoting material such as water, the
display portion is sealed (FIG. 12C). In the case of using an
opposite substrate 145 for sealing, the opposite substrate is
attached by an insulating sealing material 144. The space
between the opposite substrate 145 and the element substrate
may be filled with inert gas such as dry nitrogen; alternatively,
the sealing material may be applied to the entire surface of the
pixel portion for attaching the opposite substrate 145. It is
preferable to use an ultraviolet curable resin or the like as the
sealing material 144. A drying agent or particles for keeping
the gap between the substrates uniform may be mixed into the
sealing material 144.

A light-emitting device thus manufactured has few defects
caused by unevenness under a light-emitting element. Fur-
ther, a planarizing film is not in contact with external atmo-
sphere, and water does not penetrate through the planarizing
film; therefore, the light-emitting device has high reliability.

Embodiment Mode 6

A method for manufacturing a display device of the present
invention, which is different from those of Embodiment
Modes 1 to 5, will be described with reference to FIGS. 13
and 14. The processing steps are halfway the same as those of
Embodiment Mode 1; thus, the description and diagrams are
omitted. Refer to Embodiment Mode 1. FIG. 13A corre-
sponds to FIG. 2D.

After manufacturing up to the state shown in FIG. 13A, a
second interlayer insulating film 210 is formed to cover con-
ductive films 132 to 136 and an interlayer insulating film 129
after removing a mask 131. As a material for forming the
second interlayer insulating film 210, an inorganic insulating
film such as silicon oxide, silicon nitride, or a Low-k material
may be used. In this Embodiment Mode, a silicon oxide film
is formed as the second interlayer insulating film 210.

Next, a contact hole reaching to the conductive film 136 is
opened in the second interlayer insulating film 210 (FIG.
13B). The contact hole can be formed by etching with the use
of'amask 211 of resist or the like until the conductive film 136
is exposed. Either wet etching or dry etching can be
employed.

Next, the mask 211 is removed, and then a conductive film
is formed to cover the contact hole and the second interlayer
insulating film 210. The conductive film is processed into a
predetermined shape using a mask of resist or the like in order
to form a wiring 212 electrically connected to the conductive
film 136. A single metal such as aluminum or copper, a metal
alloy typified by an aluminum alloy such as an alloy of alu-
minum, carbon and titanium, an alloy of aluminum, carbon
and nickel, or an alloy of aluminum, carbon and titanium, a
compound, or the like may be used for forming this conduc-
tive film. The conductive film may be formed of a single layer;
however, in this Embodiment Mode, this conductive film is a
laminated structure of molybdenum, aluminum and molyb-
denum in this order of manufacture. In addition, a laminated
structure formed of titanium, aluminum and titanium; tita-
nium, titanium nitride, aluminum and titanium; titanium and
an aluminum alloy, or the like may be employed.

Subsequently, a planarizing film 213 is formed to cover the
second interlayer insulating film 210 and the wiring 212 (FIG.
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13C). As a material of the planarizing film 213, an application
film with a self-planarizing property that can relieve uneven-
ness formed in the lower layer by forming the film, for
example, acrylic, polyimide, or siloxane is preferably used.
That is, a material that can form a film having unevenness
smaller than that formed in the lower layer can be publicly
employed. In addition, a film of which unevenness is relieved
by reflowing or polishing the film once formed may be used.
In this Embodiment Mode, the planarizing film 213 is formed
from siloxane. This insulating film having a self-planarizing
property such as siloxane is applied; thus, it is possible to
relieve unevenness due to a reflection of ridges of semicon-
ductor layers 103 and 104, a slight unevenness of the inter-
layer insulating film, and unevenness of the lower layer gen-
erated such as in forming the conductive films 132 to 136 and
the wiring 212, and to perform planarization.

Subsequently, a conductive film having a light transmitting
property is formed to cover at least part of the wiring 212, and
then a first electrode (anode) 215 of a thin film light-emitting
element is formed by processing the conductive film having a
light transmitting property with the use of a mask 214 of resist
orthe like. Here, the first electrode (anode) 215 is electrically
in contact with the conductive film 136 of the driving TFT for
the light-emitting element through the wiring 212. As a mate-
rial of the first electrode (anode) 215, metal, an alloy, an
electrically conductive compound each of which has high
work function (work functionof 4.0 eV or more), a mixture of
these, or the like is preferably used. For example, ITO (in-
dium tin oxide), ITO containing sil